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A permeate carrier to be described in detail below has side 
edges, alternatively called borders, that are thinner than a 
central part of the permeate carrier. Adhesive is applied to 
the side edges to form a seal when a membrane leaf is 
formed around the permeate carrier. After the membrane leaf 
is wound around a central tube, the side edges extend in a 
spiral around the central tube. The transition between the 
side edges and the central part of the permeate carrier helps 
prevent adhesive from flowing into the central part of the 
permeate carrier. The reduced thickness of the side edges 
also reduces an increase in diameter at the ends of an 
element that might otherwise becaused by the adhesive. 
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SPIRAL WOUND MEMBRANE PERMEATE 
CARRIER WITH THIN BORDER 

FIELD 

This specification relates to spiral wound membrane ele 
ments and modules and to permeate carriers for spiral 
wound membrane elements and modules. 

BACKGROUND 10 

A spiral wound membrane element is made by wrapping 
one or more membrane leaves and feed spacer sheets around 
a perforated central tube. The leaves have a permeate carrier 
sheet placed between two generally rectangular membrane 
sheets. 
The membrane sheets are sealed together along three 

edges. The fourth edge of the leaf is open and abuts the 
central tube. One or more layers of permeate carrier sheet 
may also be wrapped around the central tube to Support the 
membrane leaf over the perforations in the central tube and 
to provide a flow path between the edge of the leaf and the 
central tube. Product water, also called permeate, passes 
through the membrane sheets and then flows through the 
permeate carrier sheet to reach the central tube. US Patent 
Application Publication Number 2007/0068864 describes 
one example of a spiral wound membrane element. 
The permeate carrier sheet may be a tricot fabric woven 

from epoxy or Melamine-coated polyester filaments. The 
tricot fabric is porous and forms a series of parallel ridges, 
which keep the membrane leaf from collapsing, separated by 
grooves on one side of the fabric. The grooves are oriented 
perpendicular to the central tube to provide less obstructed 
passages for permeate to flow inwards through the leaves to 
the central tube. A separate reinforcing oranti-bagging layer, 
made for example of felt or another non-woven or otherwise 
porous sheet material, may be placed between the membrane 
sheet and the tricot fabric to help keep the membrane sheet 
from being pressed into the grooves of the tricot. 

U.S. Pat. No. 6,656,362 discloses various dimensions and 
materials for a permeate carrier sheet and reinforcing sheets 
that may be used with a high pressure spiral wound mem 
brane. International Publication Number WO 03/101575 
discloses permeate carrier materials intended to have low 
resistance to flow. U.S. Pat. Nos. 4,802,982 and 7,048,855 
describe permeate carrier materials that are directly bonded 
to a membrane sheet. US Patent Application Publication No. 
2004/0195164A1 describes a spiral wound membrane ele 
ment in which a) the total area of perforations in the central 
tube multiplied by the percentage of openings of one layer 
of a permeate carrier wrapped around the central tube is at 
least as much as b) the inner cross-sectional area of the 
central tube. 
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INTRODUCTION TO THE INVENTION 

A permeate carrier to be described in detail below has one 
or more borders, at the side edges of the permeate carrier, 
that are thinner than a central part of the permeate carrier. 
The permeate carrier may be used in a membrane leaf in a 
spiral wound membrane element or module. In the mem 
brane leaf, the permeate carrier is located between upper and 
lower membrane sheets. An adhesive is applied in lines to 
the one or more borders, and any other edges of the leaf 
needing to be sealed. Compression applied to the membrane 
leaf before or while winding the leaf around a central tube, 
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2 
or both, causes the adhesive to penetrate through the per 
meate carrier to join the two membrane sheets together. 
The compression applied to the membrane leaf also 

causes the lines of adhesive to spread or widen, possibly in 
an uneven manner. Any increase in the width of the adhesive 
lines causes a corresponding reduction in the active mem 
brane area, meaning the membrane area that product water 
can permeate through. Further, the permeate carrier com 
prises a series of permeate channels and a local bulge in the 
spreading adhesive might block one or more of these chan 
nels. A transition between the relatively thin border and the 
central part of the permeate carrier resists adhesive spread 
ing into the central part of the permeate carrier beyond the 
transition. The transition is located to provide an adequate 
width of adhesive after the ends of the element are trimmed 
to their final length. The transition encourages adhesive to 
spread parallel to the transition to any part of the border that 
is lacking adhesive, or to the outsides of the membrane leaf 
which will be removed when the element is trimmed to its 
final length. This tends to reduce losses in the active area of 
the membrane leaf and blocked permeate channels beyond 
what is required to provide an adequate amount of adhesive. 

After the membrane leaf is wound around the central tube, 
the side edges with their attached lines of adhesive extend in 
a spiral around the central tube. In the absence of relatively 
thin borders, the ends of a membrane element would have a 
larger diameter than the central part. The outer diameter of 
the ends of the element limits the number or length of 
membrane leaves that may be placed in a pressure vessel of 
a given inside diameter. Providing relatively thin borders in 
the permeate carrier at least reduces any increase in diameter 
at the ends of an element that might otherwise becaused by 
the adhesive. Accordingly, more or longer membrane leaves 
may be placed in a pressure vessel of a given inside 
diameter, thus increasing the active membrane area of the 
element. 
The basic requirements of a spiral wound membrane 

element are high permeate throughput or flow, high Solute 
rejection and low fouling tendency. The permeate carrier 
described above aims to increase the permeate throughput of 
an element without materially affecting the solute rejection 
or fouling tendency. Permeate throughput is increased by 
increasing the active membrane area within a pressure vessel 
of a given internal diameter, or by avoiding blocked perme 
ate channels, or both. An increase in active membrane area 
tends to produce a higher permeate flux per element. 

BRIEF DESCRIPTION OF FIGURES 

FIG. 1 is a cut-away perspective view of a spiral wound 
membrane element. 

FIG. 2 is a cut-away perspective view of a spiral wound 
membrane module including the element of FIG. 1. 

FIG. 3 is a top view of a permeate carrier. 
FIG. 4 is a side view of a portion of the permeate carrier 

of FIG. 3. 

DETAILED DESCRIPTION 

Referring to FIGS. 1 and 2, a spiral wound membrane 
element 10 is formed by wrapping one or more membrane 
leaves 12 and feed spacer sheets 14 around a perforated 
central tube 16. The membrane leaves 12 may also be called 
envelopes. The feed spacer sheets 14 may also be called 
brine channel spacers. The central tube 16 may also be called 
a core, a permeate tube or a product water collection tube. 
The leaves 12 comprise two generally rectangular mem 
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brane sheets 18 surrounding a permeate carrier 20. The edge 
of the membrane leaf 12 abutting the central tube 16 is open, 
but the other three edges of a leaf 12 are sealed, for example 
by an adhesive. Less frequently, the two membrane sheets 18 
of a membrane leaf 12 may be attached through a fold line 
at the tip of the leaf, in which case only the two side edges 
of a membrane leaf 12 are sealed with adhesive. The 
permeate carrier 20 is shown schematically in FIGS. 1 and 
2 but will be shown in more detail in FIGS. 3 and 4. 
The membrane sheets 18 may have a separation layer cast 

onto a Supporting or backing layer. The separation layer may 
be, for example, cellulose acetate, a polyamide, a thin film 
composite or other materials that may be formed into a 
separation membrane. The separation layer may have pores, 
for example, in the reverse osmosis, nanofiltration or ultra 
filtration range. Filtered product water, also called permeate, 
passes through the membrane sheet while the passage of 
dissolved salts or Suspended solids or other contaminants are 
rejected by the membrane sheet 18 depending on its pore 
size. 
The permeate carrier 20 is in fluid contact with rows of 

small holes 22 in the central tube 16 through the open 
abutting edge of the membrane leaf 12. An additional 
permeate carrier sheet (not shown), which might or might 
not be the same material as the permeate carrier 20 in the 
membrane leaves 12, or an extension of the permeate carrier 
20 of a first membrane leaf 12, may be wrapped around the 
central tube 16 in one or more layers before the first 
membrane leaf 12 is attached to the central tube 16. This 
initial wrap of permeate carrier 20 supports the membrane 
leaves 12 over the holes 22 and provides a path to conduct 
permeate water from the membrane leaves 12 to the holes 22 
in the central tube 16. The holes 22 typically have a diameter 
of about 0.125 inches (3.2 mm) and conduct product water 
to the inside of the central tube 16. 

Each leaf 12 is separated by a feed spacer sheet 14 that is 
also wound around the central tube 16. The feed spacer 14 
is in fluid contact with both ends of the element 10 and it acts 
as a conduit for feed solution across the surface of the 
membrane sheets 18. The direction of feed flow is from the 
entrance end 24 to the concentrate end 26 parallel to the axis 
A of the central tube 16. 

Referring to FIG. 2, a spiral wound membrane module 30 
has an element 10 located inside of a pressure vessel 32. The 
pressure vessel 32 has a generally tubular body 34, an inlet 
end 36 and an outlet end 38. Feed water enters through an 
inlet (not shown) of the pressure vessel 32. The feed water 
travels through the feed spacer 14 of the element 10. A 
portion of the feed water that does not pass through the 
membrane sheets 18, which may be called brine, retentate or 
reject water, leaves the pressure vessel 32 through a dis 
charge tube 42. Product water, or permeate, collects in the 
inside of the central tube 16 and then typically travels in a 
direction from a first end 52 to a second end 54 of the central 
tube 16. The second end 54 of the last, or an only, element 
10 may be sealed, may exit the pressure vessel 32 or may be 
connected to a fitting that exits the pressure vessel. The first 
end 52 of a first or only element 10 may be sealed, may exit 
the pressure vessel 32 or may be connected to a fitting that 
exits the pressure vessel32. If there are multiple elements 10 
in a pressure vessel 32, the second end 54 of an upstream 
element 10 is typically connected to the first end 52 of a 
downstream element. Feed water flows in series through the 
feed spacers 14 of multiple elements 10 in a pressure vessel. 
Peripheral seals may be provided between an outer wrap 
(not shown) of the element 10 and the inside of a pressure 
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4 
vessel 32 to prevent feed water from flowing past an element 
10 without passing through its feed spacers 14. 

FIGS. 3 and 4 show the permeate carrier 20 in more detail. 
The permeate carrier 20 has a central portion 60 and one, or 
preferably two, borders 62. The borders 62 are generally 
perpendicular to a front edge 64 of the permeate carrier 20 
that will be open to the central tube 16. The permeate carrier 
20 may be a woven sheet made, for example, of polymeric 
filaments. The filaments in the permeate carrier 20 may be 
made of organic polymers such as nylon, polypropylene or 
polyester. The filaments may be coated with epoxy or 
melamine, or the woven permeate carrier 20 may be impreg 
nated with epoxy or melamine, to help stabilize the permeate 
carrier 20. 
The central portion 60, and optionally the borders 62, may 

be woven into a tricot fabric. In a tricot fabric, the yarn 
ZigZags vertically along columns of the knit resulting in a 
series of parallel raised wales 66 separating permeate chan 
nels 68 on a front side, alternately called the wale side, of the 
fabric. On the back side of the fabric, which may be called 
the course side, ribs are formed perpendicular to the raised 
wales 66, but the ribs are not as sharply defined as the raised 
wales 66 and are not as tall as the raised wales 66. A 
transition 70 separates the central portion 60 from a border 
62. 
The borders 62 may be produced by applying pressure to 

the side edges of an initially homogenous permeate carrier 
20. For example, the side edges may be calendared. Alter 
natively, the permeate carrier 20 may be manufactured with 
thinner borders 62. For example, thinner yarn may be used 
at the edges of a sheet (in the machine direction) during a 
warp knitting process similar to that used to produce con 
ventional permeate spacers. For further example, a sheet 
may me be knit without wales at the edges of a sheet. These 
two basic techniques may also be combined. For example, a 
fabric may be knit with more deformable yarns or fewer 
Wales per inch at the edges, followed by applying pressure 
to the edges. 
The inventors have observed that a membrane leaf made 

with a homogenous permeate carrier tends to have side 
edges (the edges perpendicular to the central tube) that are 
2 to 5 mil, or 10 to 22%, thicker than the remainder of the 
membrane leaf. The increase in thickness is caused by the 
adhesive, alternatively called glue lines, used to seal the 
edges of a membrane leaf. Since the outer diameter of an 
element is typically maintained within a narrow range 
relative to the inside diameter of a pressure vessel, the 
limiting diameter of the element is typically formed by the 
side edges of the membrane leaves. 
With a permeate carrier 20 as described above, the 

reduced thickness of the borders 62 reduces the thickness of 
the side edges of the membrane leaf 12. For example, the 
thickness of the permeate carrier 20 at the borders 62 can be 
2 to 5 mil thinner than the central part 60 of the permeate 
carrier 20. The increases thickness of the side edges of a 
membrane leaf 12 is at least reduced, and optionally the side 
edges of the membrane leaf 12 may be thinner than or equal 
to a central portion of the membrane leaf 12. Each mem 
brane leaf 12 may then be made longer, or an additional 
membrane leaf 12 may be added, to increase the total 
membrane area of the element 10. 
The inventors have also observed that the glue lines 

materially reduce the active area of a membrane leaf. In a 
typical manufacturing process, one membrane sheet is laid 
out horizontally on a table and a homogenous permeate 
carrier is placed on it. Glue lines are laid down on the two 
side edges and the leaf tip edge of the homogenous permeate 
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carrier. Another membrane sheet is laid over the homog 
enous permeate carrier and the glue lines to complete the 
leaf. The edges of the leaf might be compressed while still 
resting on the table. The leaf is also compressed due to 
tension applied while the leaf is wound around the central 
tube. The glue spreads from its initial location as the leaf is 
compressed. Glue spreading inwards reduces the active 
membrane area. The width of the glue lines may vary 
between, for example, 1 inch with automatic glue applica 
tion and 1.75 inches with manual glue application. Further 
local increases in the width of a glue line may be caused by 
a glue line that veered inwards when it was laid down, by a 
local increase in the thickness of the glue line when it was 
applied, or by a locate increase in compression. 
A similar manufacturing technique may be used with the 

element 10, but when a permeate carrier 20 with thinner 
borders 62 is used, the adhesive is also encouraged to spread 
outwards, rather inwards of past the transition 70. The 
transition 70 is located to provide an adequate, but not 
excessive, width of adhesive at the side edges of a mem 
brane leaf 12. The borders 62 thus inhibit excessive loss in 
membrane active area. Compared to a typical manually 
rolled element, the active membrane area could be increased 
by about 4% by restricting spread of the adhesive beyond the 
1 inch side glue lines experienced with automated gluing. 
However, the inventors believe that the transition 70 may 
allow thinner glue lines to be sufficient, which would create 
a corresponding increase in active membrane area per ele 
ment. A further benefit would be reduced local blockage of 
otherwise open permeate channels, which would allow 
membrane area past the blockage be more productive. In 
Some cases, less glue might be used per element. 

This written description uses examples to disclose the 
invention, including the best mode, and also to enable any 
person skilled in the art to practice the invention, including 
making and using any devices or systems and performing 
any incorporated methods. The patentable scope of the 
invention is defined by the claims, and may include other 
examples that occur to those skilled in the art. Such other 
examples are intended to be within the scope of the claims 
if they have structural elements that do not differ from the 
literal language of the claims, or if they include equivalent 
structural elements with insubstantial differences from the 
literal languages of the claims. 
The invention claimed is: 
1. A permeate carrier for a spiral wound membrane 

comprising: 
a woven sheet having: 
a central portion having a front edge and a pair of side 

edges generally perpendicular to the front edge; and, 
one or more borders along one or both side edges of the 

central portion, 
wherein the central portion and the one or more borders 

having a series of raised ribs extending from a front 
Surface of the permeate carrier, the raised ribs running 
generally parallel to the pair of side edges and defining 
permeate channels on the front surface, 

wherein the raised ribs in the central portion extend 
further from the front side than the raised ribs in the one 
or more borders such that the one or more borders are 
thinner than the central portion, and 
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6 
wherein a first spacing between the raised ribs in the 

central portion is substantially equal to a second spac 
ing between the raised ribs in the one or more borders. 

2. The permeate carrier of claim 1 wherein the one or 
more borders are at least 2 mil thinner than the central 
portion. 

3. The permeate carrier of claim 2 wherein the one or 
more borders are between 2 and 5 mil thinner than the 
central portion. 

4. The permeate carrier of claim 1 wherein the borders are 
initially of the same thickness as the central portion but have 
been compressed to be thinner than the central portion. 

5. The permeate carrier of claim 1 wherein the borders are 
knitted with one or more of a) thinner yarn, b) more 
deformable yarn, and c) or fewer, including no, wales per 
inch, relative to the central portion. 

6. The permeate carrier of claim 1 wherein the one or 
more borders have a width between 1 inch and 1.75 inches. 

7. A spiral wound membrane comprising: 
two membrane sheets: 
a permeate carrier between the two membrane sheets, the 

permeate carrier comprising: 
a woven sheet having: 

a central portion having a front edge, and a pair of side 
edges generally perpendicular to the front edge: 

one or more borders along one or both side edges of the 
permeate carrier; 

wherein the central portion and the one or more borders 
having a series of raised ribs extending from a front 
surface of the permeate carrier, the raised ribs run 
ning generally parallel to the pair of side edges and 
defining permeate channels on the front surface; 

wherein the raised ribs in the central portion extend 
further from the front side than the raised ribs in the 
one or more borders such that the one or more 
borders are thinner than the central portion; 

wherein a first spacing between the raised ribs in the 
central portion is substantially equal to a second 
spacing between the raised ribs in the one or more 
borders; 

wherein the permeate carrier is glued to the two mem 
brane sheets at one or more the borders along one or 
both side edges. 

8. The spiral wound membrane of claim 7 wherein the one 
or more borders are at least 2 mil thinner than the central 
portion. 

9. The spiral wound membrane of claim 8 wherein the one 
or more borders are between 2 and 5 mil thinner than the 
central portion. 

10. The spiral wound membrane of claim 7 wherein the 
borders are compressed to be thinner than the central portion 
during gluing the two membranes to the borders. 

11. The spiral wound membrane of claim 7 wherein the 
borders are knitted with one or more of a) thinner yarn, b) 
more deformable yarn, and c) or fewer, including no, wales 
per inch, relative to the central portion. 

12. The spiral wound membrane of claim 7 wherein the 
one or more borders have a width for an adequate width of 
between 1 inch and 1.75 inches. 
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